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MAGNETIC RECORDING MEDIUM 
This application is a Continuation of Application No. 
09/749,830, filed on December 28, 2000, the entire contents 
of which are hereby incorporated by reference and for which 
priority is claimed under 35 U. S . C. §120; and this application 
claims priority of Application No. 11-372930 filed in Japan 
on December 28, 1999 under 35 U.S.C. § 119. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a magnetic recording 
medium having a high recording capacity, a high access rate 
and a high transmission rate, in particular , a magnetic recording 
medium for data backup. 
Prior Art 

Magnetic tapes find various applications such as audio 
tapes, videotapes, computer tapes , etc. In particular , in the 
field of tapes for data backup, with the increase of the capacity 
of a hard disc which should be backed up, a tape having a memory 
capacity of several ten GB per one volume has been commercialized, 
and it is inevitable to increase the capacity of the backup 
tape to cope with the further increase of the capacity of the 
hard disc. Furthermore, it is necessary to increase a relative 
speed between the tape and a magnetic head to increase the access 
rate and the transmission rate. 

With the magnetic tape which can cope with the increase 
of the memory capacity per one volume and the increase of the 
travelling speed of the tape and the relative speed between 
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the tape and the magnetic head, it is necessary to improve the 
touch between the tape and the magnetic head through the 
optimization of the mechanical properties of a non-magnetic 
support, a primer layer and a magnetic layer as well as the 
increase of a recording density through the improvement of the 
magnetic layer with the increase of the magnetic properties 
and dispersion of a ferromagnetic powder and the increase of 
the memory capacity through the increase of the tape length 
per one volume with the reduction of the total thickness of 
the tape . 

In connection with the improvement of the magnetic 
properties of the ferromagnetic powder, a ferromagnetic metal 
ion powder is mainly used in place of conventionally used metal 
oxide powders or cobalt-containing iron oxide powder, since 
the larger residual magnetization in the magnetic layer is more 
preferable for the increase of output. Thus, a ferromagnetic 
iron-based metal powder having a coercive force of 120 A/m (1,500 
Oe) or more is proposed (for example, JP-A-6-25702 , 
JP-A- 6 -13 9553, etc. ) 

To improve the dispersion of the ferromagnetic powder, 
it is proposed to use a binder having a polar functional group 
such as a sulfonic acid group, a phosphoric acid group or its 
alkali salt, to use a low molecular weight dispersant together 
with a binder, to continuously carry out kneading and dispersing 
steps of a magnetic paint, or to add a lubricant to a magnetic 
paint after dispersing (for example, JP-A-2-101624 , 
JP-A- 3 -216812 , JP-A- 3 -17827, JP-A- 8-235566 , etc . ) 
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To improve the touch between the tape and the magnetic 
head so as to decrease spacing loss between them, it is proposed 
to smoothen the magnetic layer under conditions of a high 
temperature and a high pressure in a calendering step in addition 
to the increase of the dispersibility of the magnetic powder 
(for example, JP-B-1-1297, JP-B-7-60504 , JP-A-4-19815, etc.) 

In addition to the improvement of the properties of the 
magnetic layer, it is proposed to decrease the thickness of 
the magnetic layer to 0.6 //m or less with the provision of a 
primer layer between a non-magnetic support and the magnetic 
layer to make the structure of the magnetic recording medium 
suitable for sort wavelength- recording ( JP-A-5-234063 ) . Such 
a magnetic recording medium has the primer layer to decrease 
self -demagnetization loss and reproduction loss due to the 
reduction of the thickness of the magnetic layer and also to 
suppress the deterioration of the travelling property and 
durability of the magnetic recording media due to the reduction 
of the thickness of the magnetic layer. 

On the other hand, with the recent development of recording 
systems , it is tried to further decrease the recording wavelength 
For example, the latest digital data storage systems use the 
shortest recording wavelength of 0.5 fim or less. In general, 
as the thickness of the magnetic layer increases, the filling 
amount of the magnetic powder per unit area increases, and thus 
the output increases. However, when a ratio of the thickness 
of the magnetic layer to the wavelength exceeds a certain value, 
a demagnetizing field increases and thus the output does not 
further increase. Therefore, the thickness of the magnetic 
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layer should be about one third (1/3) of the shortest recording 
wavelength. Accordingly, with the above-described latest 
recording systems , the thickness of the magnetic layer is reduced 
to 0.3 /xm or less, and also the flatness of the surface of the 
magnetic layer should be improved. 

In the case of the recording systems having the large 
capacity, the tape- travelling speed and the relative speed 
between the tape and the magnetic head tend to be further increased 
since it is necessary to increase the access rate and the 
transmission rate. When the tape- travelling speed and the 
relative speed between the tape and the magnetic head are 
increased, the touch between the magnetic head and the magnetic 
tape becomes unstable and the output fluctuates between the 
entrance and the exit of a track. 

To improve the flatness of the magnetic layer corresponding 
to the reduction of the recording wavelength, it is necessary 
to use a non-magnetic support having high surface smoothness. 
However, the non-magnetic support having the high surface 
smoothness is very expensive and the travelling of the 
non-magnetic support becomes unstable since it slips or sticks 
to a roll when a coating layer such as the primer layer is formed. 
Therefore, the productivity of the magnetic recording media 
deteriorates . 

When the thickness of the primer layer is decreased to 
1.5 ptm or less to decrease the total thickness of the magnetic 
recording medium, the flatness of the surface of the primer 
layer becomes insufficient. When the magnetic layer is formed 
on such a primer layer by a wet-on-wet method, minute unevenness 
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is formed at the interface between the primer layer and the 
magnetic layer. Such unevenness not only adversely affect the 
writing and reading properties of the tape but also generates 
edge weave at tape edges when a raw sheet of magnetic tapes 
is slit in a specific width. The edge weave adversely affects 
the tracking of the magnetic head and thus cause the fluctuation 
of the output. This phenomenon is remarkable when the cheap 
non-magnetic support which has good travelling properties in 
the course of coating and low surface flatness. 

Accordingly, when the non -magnetic support with low 
surface flatness is used, it is highly desired for magnetic 
recording tapes to cope with the decrease of the recording 
wavelength through the improvement of the flatness of the surface 
of a magnetic recording layer, and also to decrease the 
fluctuation of the output through the suppression of the edge 
weave at the tape edges and the fluctuation of the output of 
the magnetic head between the entrance and the exit of the track 
through the improvement of the touch between the magnetic head 
and the magnetic tape. 

SUMMARY OF THE INVENTION 

One object of the present invention is to provide a magnetic 
recording medium which increases the output and suppress the 
fluctuation of the output. 

According to the present invention, there is provide a 
magnetic recording medium comprising a non-magnetic support, 
at least one primer layer on one surface of said non-magnetic 
support, a magnetic layer on said primer layer and a back coat 
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layer on the other surface of said non-magnetic support, wherein 
said non-magnetic support has a thickness of 2 to 5 /zm, the 
surface roughness (Ra) of said non-magnetic support on the 
surface carrying said primer layer and said magnetic layer is 
from 2.5 nm to 20 nm, the thickness of said primer layer is 
1.5 fim or less, and said primer layer contains 2 to 30 wt. %, 
based on the weight of all inorganic powder in said primer layer, 
of alumina powder having a particle size of 0.01 /xm to 0 . 1 fim. 

In one preferred embodiment of the magnetic recording 
medium of the present invention, the non-magnetic support has 
a thickness of 2.5 to 4.5 /im, the primer layer has a thickness 
of 0.3 to 1.5 /xm and a surface roughness (Ra) of 3 to 9 nm on 
its surface carrying the primer layer and the magnetic layer, 
the magnetic layer has a thickness of 0.02 to 0.3 /im, a coercive 
force of 135 to 280 kA/m and a residual magnetic flux density 
of at least 0.18 T in the machine direction, and the back coat 
layer has a thickness of 0.2 to 0.8 /ira. 

The present invention is based on the following findings : 

When the primer layer contains the specific amount of 
alumina powder having a specific particle size, the produced 
magnetic recording medium has good short wavelength- recording 
characteristics and the fluctuation of the output caused by 
the edge weave is suppressed, even when the non-magnetic support 
has low surface flatness. This effect increases, when the 
alumina used has a specific crystalline structure. 

In addition, when the Young's modulus in the machine 
direction of the non-magnetic support exceeds a specific value 
and the ratio of the Young's modulus in the machine direction 
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to that in the transverse direction of the non-magnetic support 
is in a certain range, the fluctuation of the output between 
the entrance and the exit of the track can be decreased. 
Furthermore, when the Young's modulus of the non-magnetic 
support is in the specific range described above and the Young 1 s 
modulus of the coated layers consisting of the primer layer 
and the magnetic layer is in the specif ic range , the touch between 
the magnetic recording medium and the magnetic head is further 
improved and thus the fluctuation of the output between the 
entrance and the exit of the track is further decreased. 

DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, the magnetic recording 
medium comprises the non-magnetic support having a low surface 
roughness (Ra) of from 2.5 nm to 20 nm, preferably from 2.5 
nm to 15 nm, more preferably from 3 nm to 9 nm on the surface 
carrying the primer layer and magnetic layer, and the thickness 
of the primer layer is 1 . 5 /im or less . In such a case, the primer 
layer containing 2 to 30 wt . %, based on the weight of all the 
inorganic powder in the primer layer, of alumina powder having 
a particle size of 0.1 /xm or less has low surface unevenness 
and thus the surface unevenness of the magnetic layer which 
is formed on the primer layer by the wet -on- wet method can decrease , 
since the flowability of the primer coating composition 
increases. As a result, the magnetic recording medium has the 
same short wavelength- recording characteristics as those of 
the magnetic recording media comprising the smocpth non-magnetic 
support. Such effects are significant when the alumina 
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contained in the primer layer comprises alumina having the 
corundum phase . 

With the magnetic recording medium comprising the primer 
layer containing the alumina powder, the relationship of the 
Young's modulus in the machine direction of the non-magnetic 
support and the ratio of the Young's modulus in the machine 
direction to that in the transverse direction with the 
difference of the output of the magnetic head between the 
entrance and exit of the track is studied. When the Young's 
modulus in the machine direction of the non-magnetic support 
is at least 9.8 GPa (1,000 kg/mm 2 ) and the ratio of the Young's 
modulus in the machine direction to that in the transverse 
direction is in the range between 0.65 and 0.75, the touch 
between the magnetic recording medium and the magnetic head 
is improved and thus the fluctuation (flatness) of the output 
of the magnetic head between the entrance and exit of the track 
decreases 

Hereinafter, the non-magnetic support, the primer layer , 
the magnetic layer and the back coat layer will be explained. 
Non - magne tic support 

In the present invention, the Young's modulus in the 
machine direction of the non-magnetic support is preferably 
at least 9.8 GPa (1,000 kg/mm 2 ) , and the ratio of the Young's 
modulus in the machine direction to that in the transverse 
direction is preferably in the range between 0.65 and 0.75. 
More preferably, the Young' s modulus in the machine direction 
of the non-magnetic support is at least 10.78 GPa (1 , 100 kg/mm 2 ) , 
and the ratio of the Young's modulus in the machine direction 

8 



Attorney Docket No. 0020-5215P 



to that in the transverse direction is in the range between 
0.67 and 0.73. 

When the Young' s modulus in the machine direction of the 
non-magnetic support is less than 9.8 GPa, the travelling of 
the tape becomes unstable. 

When the ratio of the Young's modulus in the machine 
direction to that in the transverse direction is outside the 
range of 0.65 to 0.75, the fluctuation of the output of the 
magnetic head between the entrance and the exit of the track 
may increase. This fluctuation is minimized when this ratio 
of the Young ' s modulus is around 0.70. 

Examples of the non-magnetic support having the above 
properties include biaxially orientated films of aromatic 
polyamide and aromatic polyimide. 

The thickness of the non-magnetic support depends on the 
application of the magnetic recording media. Usually, the 
thickness of the support is from 2 to 5 fim, preferably from 
2.5 to 4.5 /xm. When the thickness of the support is less than 
2 /im, the production of the film is difficult and the tape has 
insufficient strength. When the thickness of the support 
exceeds 5 fim, the total thickness of the tape increases so that 
the memory capacity per one volume decreases. 

The particle size of the alumina added to the primer layer 
is preferably 0.1 fim or less, and the amount of the alumina 
is preferably from 2 to 30 wt. % based on the weight of all 
the inorganic powder in the primer layer. 

When the particle size of the alumina exceeds 0.1 /im, the 
effect of the alumina to improve the surface smoothness of the 
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primer layer tends to decrease . The particle size of the alumina 
is preferably from 0.01 to 0.1 /xm, more preferably from 0.03 
to 0.09 /xm, particularly preferably from 0.05 to 0.09 /im. 

However, the above particle size does not exclude the 

addition of a-alumina having a particle size of 0.1 to 0.8 /zm 
in an amount of less than 3 wt . % together with the alumina 
having the above specific particle size. 

When the amount of the alumina added is less than 2 wt . %, 
the primer paint composition has insufficient flowability. 
When the amount of the alumina added exceeds 30 wt. %, the 
unevenness of the surfaces of the primer layer and the magnetic 
layer increases . The amount of the alumina added is preferably 
from 6 to 2 5 wt. %, more preferably from 8 to 20 wt . %, particularly 
preferably from 11 to 20 wt. %. 

The alumina added preferably comprises one having the 
corundum phase, since the Young f s modulus of the primer layer 
can be increased and the strength of the tape is increased by 
the addition of the smaller amount than a-, 0- or y-alumina. 

The surface roughness (Ra) of the surface of the support 
carrying the primer layer and the magnetic layer is preferably 
from 3 to 9 nm. When the surface roughness (Ra) is 9 nm or less, 
the unevenness of the surface of the primer layer or the magnetic 
layer can be small if the thickness of the primer layer is small . 

When the primer layer contains the above -described amount 
of the alumina having the above particle size, the unevenness 
at the interface between the primer layer and the magnetic layer 
can be suppressed so that the fluctuation of the output due 
to the edge weave of the tape edges can be decreased. This effect 
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can be enhanced when the alumina having the corundum phase is 
used. In addition, the tape strength is increased. 

In addition to the above alumina powder, the primer layer 
may contain carbon black to increase the conductivity, or 
non-magnetic iron oxide powder to increase the strength of the 
tape . 

Carbon black (CB) added to the primer layer may be acetylene 
black, furnace black, thermal black, etc. The carbon black has 
a particle size of 5 to 200 nm, preferably from 10 to 100 nm. 
When the particle size of CB is less than 10 nm, it is difficult 
to disperse CB in the primer paint composition since CB has 
a structure. When the particle size of CB exceeds 100 nm, the 
surface flatness of the primer layer or the magnetic layer 
deteriorates . 

The amount of CB added depends on the particle size of 
the CB, and is preferably from 15 to 40 wt. % of the weight 
of all the inorganic powder in the primer layer 

When the amount of CB is less than 15 wt . %, the effect 
to increase the conductivity is insufficient . When the amount 
of CB exceeds 40 wt . %, the effect to increase the conductivity 
saturates . 

Preferably, CB having a particle size of 15 to 80 nm is 
used in an amount of 15 to 3 5 wt. %, and more preferably, CB 
having a particle size of 20 to 50 nm is used in an amount 
of 20 to 30 wt. %. 

The addition of CB having such a particle size can decrease 
the electric resistance of the primer layer so that the 
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generation of the electrostatic noise and the variation of 
the tape travelling can be suppressed. 

The non-magnetic iron oxide added to the primer layer 
preferably has a particle size of 0.05 to 0.40 fim, and the 
amount of the non-magnetic iron oxide is preferably from 3 5 
to 83 wt . % of the weight of all the inorganic powder in the 
primer layer. 

When the particle size of the non-magnetic iron oxide 
is less than 0.5 pm, it is difficult to disperse it uniformly. 
When the particle size exceeds 0.40 /xm, the unevenness at the 
interface between the primer layer and the magnetic layer 
increases. When the amount of the non-magnetic iron oxide is 
less than 35 wt. %, the strength of the primer film may not 
be sufficiently increased. When the amount exceeds 83 wt. %, 
the strength of the primer film tends to decrease. 

The Young's modulus of the coated layers consisting of 
the primer layer and the magnetic layer has an optimum range. 
When the Young's modulus of the coated layers is in the range 
between 40 and 100 % of the average value of the Young' s moduli 
in the machine and transverse directions of the non-magnetic 
support, the tape has improved durability , and the touch between 
the tape and the magnetic head is improved so that the fluctuation 
of the output of the magnetic head between the entrance and 
the exit of the track is decreased. 

The Young's modulus of the coated layers is preferably 
in the range between 50 and 100 %, more preferably in the range 
between 60 and 90 % of the average value of the Young 1 s moduli 
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in the machine and transverse directions of the non-magnetic 
support . 

When the Young's modulus of the coated layers is less 
than 40 % of the average value of the Young's moduli in the 
machine and transverse directions of the non-magnetic support , 
the durability of the coated layers is not improved. When it 
exceeds 100 %, the touch between the tape and the magnetic 
head may deteriorate. 

In the present invention, the Young's modulus of the 
coated layers consisting of the primer layer and the magnetic 
layer is preferably controlled by the adjustment of the 
calendering conditions . 

Furthermore, the Young's modulus of the primer layer is 
preferably from 80 to 99 % of that of the magnetic layer, since 
the primer layer can act as a cushioning layer. 

Preferably, the primer layer and the magnetic layer may 
contain lubricants having different functions. 

When the primer layer contains 0 . 5 to 4 . 0 wt . % of a higher 
fatty acid and 0 . 2 to 3 . 0 wt . % of an ester of a higher fatty 
acid based on the weight of all the powder in the primer layer, 
the friction coefficient between the tape and a rotating 
cylinder decreases. When the amount of the higher fatty acid 
is less than 0.5 wt . %, the friction coefficient may not 
sufficiently decrease. When the amount of the higher fatty 
acid exceeds 4 . 0 wt . %, the primer layer is plasticized and 
thus loses toughness . When the amount of the ester of the higher 
fatty acid is less than 0 . 5 wt . %, the friction coefficient 
may not sufficiently decrease. When the amount of the ester 
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exceeds 3.0 wt. %, the excessive amount of the ester is 
transferred to the magnetic layer so that the tape and the 
rotating cylinder tends to stick each other. 

When the magnetic layer contains 0.5 to 3.0 wt. % of a 
fatty acid amide and 0 . 2 to 3 . 0 wt . % of an ester of a higher 
fatty acid, the friction coefficient between the tape and the 
rotating cylinder preferably decreases. When the amount of 
the fatty acid amide is less than 0 . 5 wt . %, the magnetic head 
and the magnetic layer tend to be in direct contact with each 
other so that the effect to prevent seizing decreases. When 
the amount of the fatty acid amid exceeds 3 . 0 wt . %, the acid 
amid bleeds out so that defects such as dropouts generate. 
When the amount of the higher fatty acid is less than 0 . 2 wt . %, 
the friction coefficient may not sufficiently decrease. When 
the amount of the higher fatty acid exceeds 3.0 wt . %, the 
tape and the rotating cylinder tends to stick each other. 

In the present invention, the mutual migration of the 
lubricants between the primer layer and the magnetic layer 
is not excluded . 

The thickness of the magnetic layer is preferably from 
0.02 to 0.3 fim, preferably from 0.02 to 0.25 //m. When the 
thickness of the magnetic layer is less than 0 . 02 /xm, the output 
of the magnetic head is low since the leaking magnetic field 
from the magnetic layer is small . When the thickness of the 
magnetic layer exceeds 0.3 fim, the output of the magnetic head 
decreases due to the thickness loss. 

Preferably, the magnetic layer has a coercive force of 
135 to 280 kA/m (1,700 to 3,500 Oe) in the machine direction 
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and a residual magnetic flux density of at least 0.18 T (1,800 
G) in the machine direction. When the coercive force is less 
than 135 kA/m, the output decreases due to the demagnetization 
field. When the coercive force exceeds 280 kA/m, it is 
difficult to write the magnetic recording medium with the 
magnetic head. When the residual magnetic flux density is less 
than 0.18 T, the output decreases. More preferably, the 
coercive force is from 160 to 240 kA/m (2,000 to 3,000 Oe) , 
and the residual magnetic flux density is from 0.2 to 0.4 T 
(2, 000 to 4, 000 G) . 

The magnetic powder added to the magnetic layer is 
preferably ferromagnetic iron-based metal powder. The iron 
based metal is intended to mean not only metal iron powder 
but also metal powder of metal iron containing other 
ferromagnetic metal such as cobalt, nickel, rare earth metals, 
etc . 

The ferromagnetic iron-based metal powder preferably has 
a coercive force of 135 to 280 kA/m (1,700 to 3,500 Oe) and 
a residual magnetic flux density of 120 to 200 A-m 2 /kg (120 
to 200 emu/g) , more preferably 130 to 180 A-m 2 /kg (130 to 180 
emu/g) . 

The above coercive forces and residual magnetic flux 
densities of the magnetic layer and the ferromagnetic 
iron-based metal powder are measured using a sample vibration 
type magnetic flux meter in an external magnetic field of 1.28 
MA/ m (16 kOe) . 

The ferromagnetic iron-based metal powder used in the 
present invention preferably has an average major axis length 
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of 0 . 03 to 0 . 2 /zm, more preferably 0 . 03 to 0 . 18 /zm, particularly 
preferably 0.04 to 0.15 /im. When the average major axis length 
is less than 0.03 /zm, the agglomeration force of the magnetic 
powder increases and thus the dispersion of the powder in the 
coating paint becomes difficult. When the average major axis 
length exceeds 0.2 /zm, the coercive force decreases and a 
particulate noise due to the size of the magnetic powder particle 
increases . 

The above average major axis length is obtained by taking 
a photograph of the magnetic powder particles with a scanning 
electron microscope, measuring the major axis lengths of 100 
particles, and then averaging the measured lengths. 

The ferromagnetic iron-based metal powder preferably has 
a BET specific surface area of at least 35 m 2 /g, more preferably 
at least 40 m 2 /g, most preferably at least 50 m 2 /g. 

The primer layer and the magnetic layer usually contain 
a binder. Examples of the binder include combinations of a 
polyurethane resin with at least one other resin selected from 
the group consisting of vinyl chloride-base resins (e.g. a 
polyvinyl chloride resin, a vinyl chloride-vinyl acetate 
copolymer resin, a vinyl chloride-vinyl alcohol copolymer resin, 
a vinyl chloride-vinyl acetate- vinyl alcohol copolymer resin, 
a vinyl chloride-vinyl acetate-maleic anhydride copolymer 
resin, a vinyl chloride-hydroxyl group- containing alkyl 
acrylate copolymer resin, etc.) and nitocellulose . Among them, 
the combination of the polyurethane resin and the vinyl 
chloride-hydroxyl group containing alkyl acrylate copolymer 
resin is preferable. Examples of the polyurethane resin 
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include polyester polyurethane , polyether polyurethane, 
polyetherpolyester polyuretahen, polycarbonate polyurethane , 
polyester-polycarbonate polyurethane, etc . 

In particular, the primer layer and the magnetic layer 
preferably contain a polyurethane resins having a functional 
group as a binder. Examples of the functional group include 
-COOH, -SO3H, -OS0 2 M, - (P=0) - (OM) 3/ -O- ( P=0) - ( OM) 2 (wherein M 
is a hydrogen atom, an alkali metal or an amine group) , -OH, 
-NR^-R 2 , -N + R 3 R 4 R 5 (wherein each of R 1 to R 5 is a hydrogen atom 
or a hydrocarbon group) or an epoxy group. The polyurethane 
resin having such a functional group can improve the dispersion 
of the magnetic powder . 

When two or more binder resins are used, they preferably 
have the functional groups having the same polarity, in 
part icular , - S0 3 M . 

The amount of the binder is usually from 7 to 50 wt . parts , 
preferably from 10 to 35 wt . parts, based on 100 wt . parts 
of the ferromagnetic iron-based metal powder. In particular, 
5 to 30 wt . parts of the vinyl chloride base resin and 2 to 
30 wt . parts of the polyurethane resin are preferably used 
in combination. 

It is preferable to use a thermosetting crosslinking agent , 
which crosslinks the binder with bonding the functional group 
in the binder, along with the binder. Examples of such a 
crosslinking agent include diisocyanates (e.g. tolylene 
diisocyanate , hexamethylene diisocyanate, isophorone 
diisocyanate, etc.), reaction products of such isocyanates 
with compounds having two or more hydroxyl groups (e.g. 
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trimethylolpropane, etc.), condensation products of such 
isocyanates , and the like . 

The cros si inking agent is used in an amount of 10 to 50 
wt. parts, preferably 15 to 35 wt. parts, based on 100 wt. 
parts of the binder. 

The magnetic layer may contain any conventional abrasive. 
The abrasive is preferably an inorganic material having Mohs 
hardness of at least 6 . Examples of such an inorganic material 
include a-alumina, [3-alumina, silicon carbide, chromium oxide, 
cerium oxide, a- iron oxide, corundum, artificial diamond, 
silicon nitride, titanium carbide, titanium oxide, silicon 
dioxide, boron nitride, etc. They may be used independently 
or as a mixture of two or more . Among them, alumina is preferable 
since it can exhibit good magnetic head-cleaning effects in 
a small amount. 

The particle size of the abrasive depends on the thickness 
of the magnetic layer. The average particle size of the 
abrasive is preferably from 0.02 to 0.4 /im, more preferably 
from 0.03 to 0.3 /im. 

The amount of the abrasive added is preferably from 5 
to 2 0 wt. %, more preferably from 8 to 18 wt. %, based on the 
weight of the ferromagnetic iron-base metal powder. 

In the present invention, the magnetic layer may contain 
carbon black to increase the conductivity and the surface 
lubrication. Examples of carbon black include acetylene black, 
furnace black, thermal black, etc. 

The particle size of carbon black is preferably from 5 
to 200 nm, more preferably from 10 to 100 nm. When the particle 
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size of carbon black is less than 5 nm, it is difficult to 
disperse carbon black in the magnetic paint, while when the 
particle size exceeds 200 nm, a large amount of carbon black 
should be added. In either case, the surface roughness of the 
magnetic layer increases so that the output decreases. 

The amount of carbon black is preferably from 0 . 2 to 5 
wt . %, more preferably from 0.5 to 4 wt . % based on the 
ferromagnetic powder . 

The back coat layer may be any one used in the conventional 
magnetic recording media to improve the travelling properties . 
Usually, the back coat layer has a thickness of 0.2 to 0.8 
fim. When the thickness of the back coat layer is less than 
0.2 jxm, the travelling properties of the magnetic recording 
medium may not be sufficiently improved. When the thickness 
of the back coat layer exceeds 0.8 //m, the total thickness 
of the magnetic recording medium becomes too large so that 
the memory capacity per one volume decreases . 

The back coat layer preferably contains carbon black. 
Examples of carbon black include acetylene black , furnace black , 
thermal black, etc. 

Usually, carbon black having a smaller particle size and 
one having a larger particle size are used together . The carbon 
black having a smaller particle size has usually a particle 
size of 5 to 200 nm, preferably 10 to 100 nm. When this particle 
size is less than 5 nm, it is difficult to disperse carbon 
black in the back coat paint, while when the particle size 
exceeds 200 nm, a large amount of carbon black should be added. 
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In either case, the surface roughness of the back coat layer 
increases to cause the embossing of the magnetic layer. 

When the carbon black having a particle size of 300 to 
400 nm is used in an amount of 5 to 15 wt. % of the carbon 
black having a smaller particle size, the surface roughness 
of the back coat layer is not increased and thus the travelling 
properties are improved . 

The total amount of the carbon black having a smaller 
particle sizeand one havinga larger particle size ispreferably 
from 60 to 98 wt. %, more preferably from 70 to 95 wt. % based 
on the weight of all the inorganic powder in the back coat 
layer . 

The back coat layer has preferably a surface roughness 
(Ra) of 3 to 8 nm, more preferably 4 to 7 nm. 

The back coat layer preferably contains non-magnetic iron 
oxide having a particle size of 0.1 to 0.6 fim, more preferably 
0.2 to 0.5 /xm to increase the strength of the back coat layer. 

The amount of the non-magnetic iron oxide is preferably 
from 2 to 40 wt . %, more preferably from 5 to 30 wt . % based 
on the weight of all the inorganic powder in the back coat 
layer . 

A cassette tape containing the above magnetic tape 
installed therein has a large capacity per one volume, and 
high reliability as a magnetic recording tape for backing up 
a hard disc drive. 
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EXAMPLES 

The present invention will illustrated by the following 
Examples, which do not limit the scope of the present invention 
in any way. 

In the Examples, "parts" means "parts by weight". 
Example 1 

Components of primer paint 

(1) Parts 
Non-magnetic iron oxide powder 

(particle size: 0.11 /xm x 0.02 /xm) 68 
Alumina (Degree of alphat ization : 50 %, 

Particle size: 0.07 /xm) 8 

Carbon black (particle size: 25 nm) 24 

Stearic acid 2.0 
Vinyl chloride copolymer 

(S0 3 Na group content: 0.7 x 10" 4 eq./g) 10 
Polyester polyurethane resin (Tg: 40°, 

S0 3 Na group content: 1 x 10" 4 eq./g) 4.5 

Cyc lohexanone 2 5 

Methyl ethyl ketone 4 0 

Toluene 10 



(2) 



Parts 



Butyl stearate 



1 



Cyc lohexanone 



70 



Methyl ethyl ketone 



50 



Toluene 



20 
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(3) Parts 
Polyisocyanate 4 . 5 

Cy c 1 ohexanone 1 0 

Methyl ethyl ketone 15 
Toluene 10 
Components of magnetic paint 

(1) Parts 



Ferromagnetic iron-base metal powder 
(Co/Fe: 30 atomic %, Y/ (Fe+Co) : 3 atomic %, 
Al/(Fe+Co): 5 wt. %, Ca/Fe: 0, 
as: 155 A-m 2 /kg # He : 188.2 kA/m, pH : 9.4, 



Major axis length: 0.10 /xm) 100 
Vinyl chloride -hydroxypropyl acrylate copolymer 

(S0 3 Na group content: 0.7 x 10" 4 eq./g) 11 
Polyester polyurethane resin 

(S0 3 Na group content: 1.0 x 10' 4 eq./g) 5 

a-Alumina (Av. particle size: 0.2 /xm) 15 
Carbon black (Av. particle size: 75 nm, 

DBP oil absorption: 72 cc/100 g) 2.0 

Methyl phosphate 2 

Palmitic acid amide 1.5 

n-Butyl stearate 1.0 

Tetrahydrofuran 6 5 

Methyl ethyl ketone 24 5 

Toluene 85 

(2) Parts 

Polyisocyanate 4 

Cy c 1 ohexanone 167 
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The components (1) of the primer paint were kneaded with 
a kneader, and the components (2) of the primer paint were 
added and mixed. Then, the mixture was dispersed with a sand 
mill at a residence time of 60 minutes . To the dispersed mixture, 
the components (3) were added and stirred followed by filtration 
to obtain a primer paint. 

Separately, the components (1) of the magnetic paint were 
kneaded with a kneader and the mixture was dispersed with a 
sand mill at a residence time of 45 minutes. The components 
(2) of the magnetic paint were added to the mixture and mixed, 
followed by filtration to obtain a magnetic paint. 

The primer paint was applied on a support consisting of 
an aromatic polyamide film ("MICTRON" (trade name) of TORAY, 
Thickness: 3.9 /xm, Young 1 s modulus in machine direction (MD) 
= 11 GPa, Young's modulus in MD / Young 1 s modulus in transverse 
direction (TD) =0.70) in an amount such that the thickness 
after drying and calendering was 1.1 /xm to for a primer layer. 
Then, on the formed primer layer, the above magnetic paint 
was applied in an amount such that the thickness after 
orientation in a magnetic field, drying and calendering was 
0.2 /xm, and orientated in a magnetic field and dried to form 
a magnetic layer. 

The orientation in the magnetic field was carried out 
by placing a pair of N-N opposing magnets (5 kG) before the 
drier, and two pairs of N-N opposing magnets (each 5 kG) at 
positions which were 75 cm and 25cm respectively, before a 
finger- touch dried position in the drier . The application rate 
was 100 m/min. 
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Components of back coat paint 



Parts 



Carbon black (particle size: 25 nm) 



80 



Carbon black (particle size: 370 nm) 



10 



Non-magnetic iron oxide (particle size: 0.4 /xm) 10 



Nitrocellulose 



45 



Polyure thane resin (having SQ 3 Na groups) 



30 



Cy c 1 ohexanone 



260 



Methyl ethyl ketone 



525 



The components of the back coat paint were dispersed in 
a sand mill at a residence time of 45 minutes. To the mixture, 
polyisocyanate (15 parts) was added and filtered to obtain 
a back coat paint. Then, the back coat paint was applied on 
the other surface of the polyamide film opposite to the magnetic 
layer so that the thickness after drying and calendering was 
0.5 /xm, and dried. 

The magnetic sheet produced was planished with a 
seven-stage clalendering machine comprising metal rolls at 
a temperature of 100°C and a linear pressure of 150 kg/cm. 
Then, the sheet was rolled around a core and aged at 70 °C for 
2 hours . 

Thereafter, the sheet was slit in a width of a digital 
audio tape (DAT) (3.8 mm), and the surface of the magnetic 
layer was post treated with lapping tape abrading, blade 
abrading and surface wiping at a travelling rate of 200 m/min. 
to obtain a magnetic tape . In the post- treatment , the "K 1000" 
lapping tape was used as the lapping tape, a carbide- tipped 
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blade was used as the blade, and a cloth of TRAYSEE (trademark) 
was used to wipe the magnetic layer surface. The travelling 
tension was 3 0 g. 

The magnetic tape produced was installed in a cartridge 
to obtain a tape for a computer. 

Examples 2-14 

A tape for a computer was produced in the same manner 
as in Example 1 except that some conditions were changed as 
shown in Table 1 . 

Examples 15-17 

A tape for a computer was produced in the same manner 
as in Example 1 except that some conditions were changed as 
shown in Table 2 . 

The tapes were evaluated as follows: 

Coating property 

In the unwinding-coating-winding process, the 
generation of troubles such as waving, winding corrugations, 
etc. was evaluated according to the following criteria: 

A: Very good 

B : Good 

C: Fair 

D: Bad 

Surface roughness of support (Support Ra) 

The surface roughness of the support was measured with 

a surface roughness meter (SE-3FA manufactured by KOSAKA 

KENKYUSHO) . 

The support was adhered to a semicylindrical glass having 
a smooth surface with allowing the surface of the support, 
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on which the back coat layer would be formed, to face the glass 
surface. Then, the surface roughness of the support on which 
the magnetic layer would be formed was measured using a stylus 
with a tip radius of 5 fim at a magnification of 100,000 times 
in the vertical direction with a cut-off of 0.08 mm. 
Young's modulus of support 

A sample of the support of 10 mm in width and 150 mm in 
length was provided. Then, a load-elongation curve was 
recorded with an INSTRON type universal tensile meter, and 
a Young's modulus in MD (Ymd, unit: GPa) and that in TD (Y T d# 
unit GPa) were calculated. 

The sample was pulled with a chuck distance of 100 mm 
at a pulling rate of 20 mm/min. and the Young's modulus was 
calculated from a load at 0.3 % elongation in the recorded 
chart . 

Young's modulus of magnetic layer 

A sample of the magnetic tape of 3 . 8 mm in width and 150 
mm in length was provided, and a load- elongation curve was 
recorded and a Young 1 s modulus was calculated in the same manner 
as in the measurement of the Young's modulus of the support. 

Edge weave 

A tape of 450 mm in length was extended between a pair 
of guides with flanges under a tension of 0.05 (N) , and the 
tape edge position was read from the above with an edge position 
sensor. The edge positions were read at an interval of 0.25 
mm along 250 mm of the tape base edge. From the position data 
obtained in the first 50mmlength, a regression line was obtained . 
Then, the deviation of each position date from the regression 
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line was measured to obtain the maximum deviation. 

Next, the starting point was shifted by 0.25 mm, and the 
position data were read along the length of 50 mm in the same 
manner as above and the maximum deviation was obtained. These 
procedures were repeated, and the maximum deviations along 
the length of 2 50 mm were averaged and used as the measure 
of edge weave . 

Flatness 

A magnetic tape was recorded at a recording wavelength 
of 0.67 /xm with a DDS-4 drive (manufactured by Hewlet-Packard) , 
and the recorded signal was reproduced with the same drive. 
The outputs were recorded at 2 5 points from the entrance to 
the exit of each trace of an envelope waveform, and averaged 
to obtained the averaged output (AVR) . 

From the AVR, the maximum output (Max) and the minimum 
output (Min) , a flatness was calculated according to the 
f ol lowing equat ions : 

Maximum value (dB) = 20 x log(Max/AVR) 

Minimum value (dB) = 20 x log(Min/AVR) 

Flatness (dB) = Maximum value - Minimum value 

The results are shown in Table 1 



Table 1 



Example No. 


1 


2 


3 


4 


Support 


Aramid 


Aramid 


Aramid 


Aramid 


-Thickness (pirn) 


3 . 9 


3.9 


3 . 9 


3.9 


-Ymd (GPa) 


11. 0 


11.3 


10 . 6 


11.0 


-Y TD (GPa) 


15.5 


15.0 


16.3 


15.5 




0.70 


0 . 75 


0 . 65 


0.70 


- (Ymd+Ytd) /2 (GPa) 


13 .3 


13 .2 


13 . 5 


13 .3 


•Support Ra (nm) 


6 . 0 


6 . 0 


6 . 0 


2.5 


Powder in primer layer 
-AL1 1 ' (wt. %) 
-Crystal structure 2 ' 
-Percentage of 


8 

Cor. 


8 

Cor . 


8 

Cor . 


8 

Cor. 
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alphat izat ion (%) 


50 




50 




50 




50 




-AL2 3) (wt . %) 


0 




0 




0 




o 




-Carbon black (wt . %) 


24 




24 




24 




24 




-Iron oxide (wt. %) 


68 




68 




68 




68 




-Linear pressure in 


















calendering (N/cm) 


1470 




1470 




1470 




1470 




-tl 4) (/xm) 


0 . 


2 


0. 


2 


0 . 


2 


0 . 


2 


-t2 5> (/zm) 


1 . 


0 


1 . 


0 


1 . 


0 


1 . 


0 


-BC 6) (/zm) 


0. 


5 


0. 


5 


0. 


5 


0 . 


5 


-Tape thickness (/zm) 


5 . 


6 


5. 


6 


5. 


6 


5 . 


6 


Coating property 


A 


A 


A 


B 


-Surface roughness (Ra) 


2.2 




1.9 




2.0 




1.7 




of magnetic layer (nm) 
-Ratio of Young 1 modulus 7 * 


11.0 




12 . 5 




11 .0 




11 . 0 




(%) 


83 




95 




81 




83 




-Edge weave (/-tm) 


2.0 




2.3 




2.0 




2 . 0 




-Flatness (dB) 


1.2 




1.9 




1.7 




1.4 




-Output AVR (%) 


100 




92 




95 




100 





Notes: 1) a-Alumina having a particle size of 0.07 /zm. 



2) Crystal structure: Cor.: Corundum, Mix.: Mixture 

3) a-Alumina having a particle size of 0.19 /zm 
(Percengate of alphatization : 99 %) 

4) Thickness of a magnetic layer 

5) Thickness of a primer layer 

6) Thickness of a back coat layer 

7) (Young's modulus of coated layers) xl00/ [ (Ymd+Y td ) /2] 
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Table 1 (continued) 



Example No. 


5 


6 


7 


8 


Support 


Aramid 


Aramid 


Aramid 


Aramid 


— Th "i fknf* ( ilxt\\ 

llllUJvllCSiS \ fJ. Ill / 


3 . 6 


•J . ^ 




1 9 


1 MD V vjfrt / 




11 1 


ii n 

1 1 . u 


ii i 
1 1 . j 


■I. TD Ivjra/ 


1 C CL 
X ZJ . Zj 


J-Zj . \J 


1 C 1 

X J . X 


i ^ ^ 

X Zj . -J 


- Y«~ / 
1 MD/ x TD 


0 70 


0 70 


n 7i 


ft 71 


- fY^+Y.™} /9 ffiPfl \ 
\iMD^ i TD//^ v oxr a. ; 


11 1 


11 9 


ii i 
io . i 


11 1 


<J\JL£j£/\J± X\.C*. \ 11111/ 


6 . 0 








rowaer in pxiiueir idyex 










- 2VT.1 X * f u/t * ^ 
— /\lll V W U . "6 J 




1 £ 
1 o 


1 1 
1 J 


1 1 
1 O 


r c ^ 1 <r* -v~ i « « f- 1 1 -v" ^ ^ ^ 

-Lrybtai scrucLure 


Cor . 


Cor . 


Cor . 


Lor . 












A 1 T) h a t* "i 7flf "i on f 9: } 


50 


50 


65 


8 0 


-AL2 3) (wt %) 


0 


0 


0 


o 


-Carbon black (wt. %) 


28 


20 


24 


24 


-Iron oxide (wt 


68 


64 


63 


63 


_T,"i npa-r nrpeqnrP "i n 










calenderina (N/cm) 


1470 


1180 


1470 


1470 


-tl 4) (urn) 


0 . 2 


0 . 2 


0 . 2 


0 . 2 


-t2 5) (/xm) 


1 . 3 


1 . 0 


1 . 0 


1 . 0 


-BC 6) (jim) 


0 . 5 


0.5 


0.5 


0.5 


-Tape thickness (^m) 


5.6 


5.6 


5.6 


5.6 


Coating property 


A 


A 


A 


A 


-Surface roughness (Ra) 


1 . 8 


2.5 


2.8 


2 . 8 


of magnetic layer (nm) 










-Ratio of Young' modulus 71 


11 . 0 


12 . 5 


12 . 2 


12 .5 


(%) 


83 


94 


93 


94 


-Edge weave (/mi) 


2 . 0 


2.5 


2.3 


2 . 5 


-Flatness (dB) 


1.4 


1 . 9 


1 . 7 


1.8 


-Output AVR (%) 


98 


92 


94 


90 



Notes: See the Notes for Table 1. 
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Table 1 (continued) 



Example No. 


9 


10 


11 


12 


Support 


Aramid 


Aramid 


Aramid 


Aramid 


— Thi fkrif^cjo ( urn} 




3 . 9 


3 . 9 


3 . 9 


X MD V vjxrd ) 


11 0 


ii o 


11 n 
x x . \j 


ii n 

X X . \J 


x XD \\jra; 


1 A 
J. D . *± 


X O - *± 


X D . *± 


1 c c 


X MD/ X TD 




0 67 


ft fi7 


n 7fi 


V i MD Ti TD/ / ^ V vTlr a. / 


1 "\ 7 
i j • / 


1 7 


1 ^ 7 


X J . J 


-Sunrjort Pa ( nm) 


9 . 0 


9 . 0 


9 . 0 


11 . 0 


ruwuci j. ii px ± me i lay ci 
- AT.1 X * /wf % \ 


i 

X. o 


i 

X o 


i 




_ Pyir p f~ a 1 ehynphiivo^ 




M-i -v 
1 V 1XX . 


LUI . 


LUI . 


"D A >"* /"*» A "3 ^"S ^ 










=a "I y\Y\ =a \~ "i ^ a i~ S on f 9t ^ 

ClXpiXClLX£iClL±Ull \ o / 










-AL2 3) (wt %) 


o 


o 


o 


o 


-Carbon black (wt. %) 


24 


24 


24 


24 


-Iron oxide (wt . %) 


63 


63 


63 


56 


UlliCul ^JXC^OSLIXC X 11 










calenderina (N/cm) 


1470 


196 0 


1470 


1470 


-tl 4) (nm) 


0 . 2 




0 . 2 




-t2 5) (^im) 


1 . 3 


1 . 0 


1 . 0 


1 . 0 


-BC 6) (/xm) 


0.5 


0.5 


0 . 5 


0.5 


-Tape thickness (/*m) 


5.6 


5.6 


5.6 


5.6 


Coating property 


A 


A 


A 


A 


-Surface roughness (Ra) 


2.5 


2.2 


2.7 


3.0 


of magnetic layer (nm) 










-Ratio of Young 1 modulus 71 


11.5 


12.3 


12 .5 


12 .6 


(%) 


84 


90 


91 


95 


-Edge weave (/im) 


2 . 9 


3 . 2 


2.6 


2.3 


-Flatness (dB) 


1.4 


2.0 


1 . 7 


1.4 


-Output AVR (%) 


79 


74 


88 


86 



Notes: See the Notes for Table 1. 
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Table 1 (continued) 



Example No. 


13 


14 


Support 


Aramid 


Aramid 


-Thickness (pun) 


3 . 9 


3 . 9 




9 . 5 


11 . 0 


_ Y_ (Gp a ) 


15 . 5 


15 . 5 


■*• MD/ X TD 


0.61 


0.70 


V x MD * A TD ' / " \ura/ 


12 . 5 


13 . 3 


-Sunoort Ra (ntn) 


6 . 0 


6 . 0 


-AL1 1) (wt 


Q 
o 


Q 
o 




Cor . 


Cor . 








altihatization f%) 


50 


50 


-AL2 3) (wt. %) 


0 


0 


-Carbon black (wt . %) 


24 


24 


-Iron oxide (wt. %) 


68 


68 


-Linpar nTPRRiirp in 

JLJ A X CI JL. k-/ JL. V- L-J Ul JL \^ Xil 






calendering (N/cm) 


1470 


2940 


-tl 4> (urn) 


0 . 2 


0 . 2 


-t2 5> (/xm) 


1 . 0 


1 . 0 


-BC 6) (/im) 


0.5 


0.5 


-Tape thickness (/im) 


5 . 6 


5.6 


Coating property 


A 


A 


-Surface roughness (Ra) 


2 . 2 


1 . 8 


of magnetic layer (nm) 
-Ratio of Young' modulus 7> 






11 . 0 


13.8 


(%) 


88 


104 


-Edge weave (iim) 


2 . 0 


2.3 


-Flatness (dB) 


2 . 8 


3 . 0 


-Output AVR (%) 


78 


72 



Notes: See the Notes for Table 1. 
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Table 2 



Example No. 


15 


16 


17 


Support 


Aramid 


Aramid 


Aramid 


-Thickness (/im) 


3 . 9 


3 . 9 


3.3 


-Ywn (GPa) 


11 . 0 


11 . 0 


11 . 0 


-Ytd (GPa) 


15 . 5 


15 . 5 


15 . 5 


~* Y ur% / Y Tr\ 


0 . 70 


0 . 70 


0 . 70 


- (Ymd+Ytd) /2 (GPa) 


13 . 3 


13 . 3 


13 . 3 


-Support Ra (nm) 


1 . 0 


6 . 0 


6 . 0 


Powder in primer layer 








-AL1 X) (wt . %) 


8 


o 


8 


-Crvstal structure 2 ' 


Cor . 




Cor . 


-Percentage of 








alphat izat ion (%) 


50 




80 


-AL2 3) (wt. %) 


0 


8 


0 


-Carbon black (wt . %) 


28 


24 


24 


-Iron oxide (wt . %) 


68 


68 


68 


-Linear pressure in 








calendering (N/cm) 


1470 


1470 


1470 


-tl 4) (fim) 


0 . 2 


0 . 2 


0 . 2 


-t2 5) (/zm) 


1.0 


1 . 0 


3.0 


£j \ fjL III J 






\J . o 


-Tape thickness (/zm) 


5.6 


5.6 


7.0 


Coating property 


D 


B 


A 


-Surface roughness (Ra) 


1 . 5 


3 . 0 


2 . 8 


of magnetic layer (nm) 








-Ratio of Young' modulus 7 * 


11.0 


12 .0 


11.0 


(%) 


83 


90 


76 


-Edge weave (/im) 


2.5 


4.3 


2 . 0 


-Flatness (dB) 


2.2 


2 . 5 


1.2 


-Output AVR (%) 


98 


65 


99 


Remarks 






8) 



Notes: 1) to 7) See the Notes 1) to 7) for Table 1. 

8) The tape having the specified length could 
not be installed in the cassette. 



As can be seen from the results of Examples 1-14 and 
Examples 15-17 reported in Tables 1 and 2 , when the non-magnetic 
support having low surface flatness on the surface to carry 
the primer and magnetic layers, which is cheap and achieves 
a high productivity of magnetic tapes , is used, the fluctuation 
of the output due to the edge weave is suppressed, and also 
the fluctuation (flatness) of the output from the entrance 



32 



Attorney Docket No. 0020-5215P 



to the exit of a track is suppressed according to the present 
invention in which the primer layer has a thickness of 1.5 
/im or less and contains 2 to 3 0wt . %, based on all the inorganic 
powder, of an alumina having a particle size of 0 . 1 /zm or less, 
in particular , alumina comprising one having the corundum phase, 
the thickness of the non-magnetic support is from 2 to 5 /im, 
the Young's modulus in the machine direction of the support 
is at least 9 . 8 GPa (1,0 00 kg/mm 2 ) and the ratio of the Young' s 
modulus in the machine direction to that in the transverse 
direction of the support is from 0.65 to 0.75. 

Furthermore , when the Young ' s modulus of the coated layers 
consisting of the primer and magnetic layers is from 40 to 
100 % of that of the non-magnetic support, the fluctuation 
(flatness) of the output from the entrance to the exit of a 
track is further suppressed. 
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